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c : 0.01-0.05% 
Si : 0.01-1.0% 

Mn : 1.0-3.0% 

p : 0.005-0.1% 

s : o.oi%mT 

Al : 0.005-0.1% 

N : o.oi%mT 

Nb : 0.01-0.3% 

(Nb/93)/(C/12)=0.2~0.7 {^^OWa, C\±^^ <D7tm<7)^^m (Kfi:%) ) 
[it*:® 31 

±mm.mzM^X. ;^'bi;Ti :0.1®l:%J^T=g:'^WU. :d--^> ^ffOTit S fcN<^'^ 

(Ti/48) / 1 (S/32) + (N/14) | ^2 (^tf OTi. S, Nti#>^' (^TC^O-^^ (K 

fi:%) ) 

umm 5 1 

KS%-e. 
c : 0.01-0.05% 
Si : 0.01-1.0% 

Mn : 1.0-3.0% 

p : 0.005-0.1% 
s : o.oi%mT 

Al : 0.005-0.1% 

N : o.oi%JaiT 

Nb : 0.01-0.3% 

(Nb/93)/(C/12)=0.2~0.7 (^tf ONb, C <^7C*(7)^;ft-l: («!:%) ) 

^it±E.m^mL. ^ixzajs : 4oo~72o°cT'^]^«9. mMUtir;hmms.Mj:m}:L. m^. 
mmz^mm^k^m&m^mv. i^mwit-^^nm&Mj:nt. m^'mm-'mnumisoo 

~950X:t?M^SrffV>. :^\,^'CmnT§LmTff^h500VtX(OUm^<^^^^^i&&: 5*C/sm 
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(Ti/48) / i (S/32) + (N/14) | ^2 (^4><^Ti, S. N(i#>^ <^7C«<^-^^1: (® 
S%) ) 

[fi*:^ 8 1 
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[0 0 0 1 ] 

[0 0 0 2] 

[0 0 0 31 
[0 0 0 4] 

nm^is :imm.m(D^^^)vmumtLx^m^^ (ts) uoy!P&&.±<Dmuimm-t^ 

[0 0 0 5] 

gfl:'fb^iii6^±T'Oii^t LT. TS^440MPa> <£ 0 0^ L < (iTS^SGOMPat?. LtJ/-'^^ 
[0 0 0 6] 

«r@^-r*S<^Tii:Nb*^l)nL. IF(Interstitial atom free)'fb Lf.:ii=lr^-X t LT. 
[#lt:5:i>:il #liBS56-i39654-t<Zr^ 

[0 0 0 7] 

m^-XW^Wt^ C:0. 002-0. 015%> Nb : C%X 3 ~C%X8+0.020%> Si : 1.2%mT 
, Mn : 0.04-0.8%. P : 0. 03-0. 10%<75«^;irl-^ > ?I555li$35~45kg/mm2 (34 

o~440MPaa) (o^n-^'m:^^^m^'^(n%f\,fz%mcyi^'mmm-z^-f^mkx^^o 

[0 0 0 8] 

L^i-L^^^Pj. ^*^1g:^^iit^#i:-tS«t#t?{i> §l5S^$:6«440MPaJUl±O 

TLxLt^mMTb^^^tzo ^hK. cMi^:m®iRmmtx^m-r^fztbi,ziimmjimx 

[0 0 0 9] 

. lfcSf*7i7>f hffifc?l®Ov;v^r>'-9->< hffi:&-ib^r^^'^mi^f!^T?ab'2>DP (Dual-P 

fflBE#2 004-3095488 



#M 2 0 0 3-3 3 5 7 3 1 ^--J : 2/ 



base) mm^h^o d?mmi. -^fi<)tcM14t;ov^Tl±m:}a^l?-eab«5. ffitt/c^Jg-M 
(TSXEl) i^L. -?-LTl^f^Jt:&«'B:V^i:v^di^m> •r^*3*>^ 5!m3^$0#J 

10 0 1 0] 
[0 0 11] 

mVfXm2] #<2rBS55-10650-^<Zrm 
[#K^:i:m3l #§iBB55-100934-t<&ii 
[0 0 121 

[0 0 13] 

ttz. S^fl^X^iKli. C : 0.003-0.03%. Si : 0.2-1%. Mn: 0.3-1.5%. Ti:0.02 
-0.2% ifzfzL. i^mi) / (C + N) CDmi=-?t;Sl:b=^0.4~0.8) -^^-T^^^. 

> ^#:et?tC{±, 0.012%C-0.32%Si-0.53%Mn-0.03%P-0.051%Ti<7)« 
0«=^?^^JE®1i:a -7 O21=iitT'^^870t:iC»f^. 100X:/s<7)^*|j?^il]^^K-tr?^ip-r 
:i i: J; . r >(i=i.6i. i^=^m^2.<D^%mkmj^^mWW^'^^'^-^^'^if7^'^ 
ftX\^^^ Lj^-L. 100''C/si:v^^lSv^?^iPiS;K=Sr#^ I' ti«A^'ii/{>^'i:^^i:3& 

ifMx\^fzmmt^%w&.(r>^wfiw<^\c^^fzt>^ w^Wim^L^ ^ 

\^tt'X1^^ \ #<&¥l-35900-^<&gl 
[0 0 14] 

5g-e'7;Vx>'>iJ--f hffi=gr^^$-ii:* ^>0-Cab'5>o U*^L^::d«^. VOttfi. Mt?*-S 

l$<-t^/v:J6. ll*S^tC:fett^JET^70%T-co<tF^JE®{i. n < LT 

F^^M^^ab^o 

[#f1=t:M5l #li2002-226941-i-<2r# 
[0 0 15] 

^fz^ n^'()'^\-:-'&f^fz-%'^'^mu^^t?^(Dwm5'^<ryw^h\.x^ m^-XM^^^^ 
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mmam^ Lx^t-r^ mm] 

[0 0 161 

n^^^^^^i-^^ (ifc) mwi^^^&^tir^K^fzy). '^^m^^fir^tzmmmitiz 

[0 0 17] 

t /^^^ L Mit 4r Sit Ici" S ^ -eab o o 
[0 0 181 

[0 0 191 

«|5&'^^fiK^-^|gfl=l:fflv>;|.C:t5S:<. 0.01-0.05% i:v^^ C'^>tS<^ISH'^N iOC-^ 

[0 0 2 01 

(1) S4%-e, 
c : 0.01-0.05% 
Si : 0.01-1.0% 

Mn : 1.0-3.0% 

p : 0.005-0.1% 

S : 0.01%JiiLT 
Al : 0.005-0.1% 
N : 0.01%iiJ.T 
Nb : 0.01-0.3% 

(Nb/93)/(C/12) =0.2-0.7 (^ff'^T^Nb, C i±#^ Otc^O-^^* (Ki%) ) 
MWT-50%Jil-L<^)7i7>f M^^t? 1 %JlJJl_t<^-^;v-r >-iJ--f 

[0 0 2 11 

(2) -LIEm^irijnxT, $ibt3Mo : 0.5®»%JilT=£r#%i-'&i t=Sr#^i:-t'5>±iB ( 
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[0 0 2 2] 

(Ti/48) / j (S/32) + (N/14) } ^2 (^«<^Ti.S, Nlt^^ (DTtm^O^^m. (® 
S%) ) 

tj:;hm%^m&-t^Cti(^WLt-t^±^ (1) tfzit (2) tC|B«0^|jt»)tiir'gtL/v: 
10 0 2 3] 

(4) OTi^*t)o^^**1--g>Ci:^#mi:i-^±fB (1) ~ (3) (7)\,>irM- im^m 

[0 0 2 41 

(5) Kfi%T% 

c : 0.01-0.05% 
Si : 0.01-1.0% 

Mn : 1.0-3.0% 

p : 0.005-0.1% 

S : 0.01%JiJLT 
Al : 0.005-0.1% 
N : 0.01%Ji)LT 
Mb : 0.01-0.3% 

(Nb/93)/'(c/i2)=o.2-o.7 {.^^(om, c\t^^ (r>itm<o^^m (K»%) ) 

h^±.K.n^m\.. ^mas : 4oo-72o■ct?^Dll9^ ^s^ti-^f^F^ESx^t. 

-mmzmmk^mm^^mx^. n'mwLt-^^'^^^is^'XMh^ w^mm.\z-mmM.i&:m 

-9501ClrMM=^^TV>. ^v^T-i^|ifi-ia;K>e»^ib500X:$T'O?^JKi|^co¥±|l?^*pa;K : 5 "C/sm 
[0 0 2 5] 

(6) ±l2ffifi£trJ!jnx.-C. $<btcMo:0.5Kfi%mT-^^-t'2)^i:*#mi: 
-r -S-hlB (5) tcKmo^^J?ttlw-®tL/ci«i5Sm^/K<Oi^3t:^-&o 

[0 0 2 61 

(7) m:^^-ri)\ ±Mm.mzMk.X. ^iblcTi : 0.m»%mT=Sr#/rU, 

(Ti/48) / I (S/32) + (N/14) | ^2 (^i^'<7)Ti, S , N}i#^<^5c^<^#^l: (K 
fi%) ) 

tj:Jbm%^mm.-t^^h^mWih-r^±M (5) t/cti (6) \zWM<omL^mz%fLfz 
[0 0 2 71 

( 8 ) ±M^wmMJLm<r>^^<DmmMm Kub-o^m ^M^i- ^nbo^ ^sr^hiiz 

[0 0 2 81 

iOl&H^{±> C #^336*0. 01 -0.05Kfi%O^Ht':fev^T. tg&*<^Mig:MigIF^<^ J: ^ 

r^tt^l.2^5t't^L-CB:Sf'fc«'9l4^*-r^ tfc'^t'^ fiam=S: 7 7 -< hffit. 
x^-if-f h*a=&-^tfl|2^at*^f 'l>m^a^i-r^-t-e^ TS440MPam±s J:>3&tL 
< {iTS500MPam±o;ii^ffi'fbS-^^Lf;iOt?ib-&o 

asiE#2 004-3095488 



#M2 003-335731 



5/ 



[0 0 2 9] 

~0.05K»%OC-^^gi: L. MkX. C <^ C -g-^fi ^ T il^ ^ Nb^Sn ?r d C 

t-^. |iii}ff^S*^aii55l«t. hffi<^5^^(D^:&*|wi^ir^^T'i;2> 

[0 0 3 0] 
[0 0 3 1 1 
[0 0 3 2] 

ivl-e. Nb'i■^:ti:C'^My&^ (Nb/93)/(C/12)=0.2~0.7=Sr?ifc-r i 9 t^lSJ^-r-S 
10 0 3 31 

» i J: ^ ^ C (D^^ii^ illl} S:MH^H*^M(^fl^ ^ laW-r h^fiX^fzifi^ :^ 
[0 0 3 4] 

T'<^F^ffi]^B#M#ia# J'M -ti- <75 1111} SJfeB^H«l[Ofl^=^«1- ^ 

\^^niE(D^m<r>1jifi-X^\^^fzibt^khfiho m\Z'7 Y U i^^flCNbC^SrKftti^-^Si 

lEigffl (o.oi~o.o5Kfi%) \zi5\^^xmt>x^(D^^^^m^^^<Dhmm'^i^^. ^<dc 

<7)MiEflH =Sr ^ ffi b C: i: il)^:=i^^m<DW^mM<omm t * o T -2, o 
[0 0 3 5] 

n^^nmz-7}VT>^4 yn^i^^'^mh i.-^'^m^K%>^^A\.tz<Dx^^o 

[0 0 3 61 

;i(^^§g(^sa5t:^^t-j:tnf. m.^wM\zn\^. ^miM\zi^^^x\m^mmmh-th 

j:-9^:V<^^tJnf±. JIMNF<^^5^3S^*«i6n-;i/-.(7):ft#^--;^§ </^t9, r 
\m^^%m't^fzi!b(Oik%<r>^m\ 

[0 0 3 71 

|liiE#2 004-309 5488 
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^-P : 6/ 



r%j -e^-To 

[0 0 3 8] 

c : 0.01-0.05% 

ji-r^<^-e. 2|ciR&§gt'(im-g-aigi?^^om^,:*-*bc*o.oi%m±-^:ti-'5>ie^M***>'5>o «^ 

tL<{i, 0.015%m±t-f ;?>-:^. 0.05%=^}gx.'5>C<^-^*fi^$f'& rtt75^#^tL^< 
Jfc^^i:;^-^). C-^**<^JiPl?:0.05%i: $jFt t < {±0.030%*«i:1-^o 

[0 0 3 91 
Si : 0.01-1.0% 

05%&.±ti-^o Si«:i.o%«r0x.r#;fi-r^ii. mms.m^kzi^s^^ - )i' ti^^^ 

[0 0 4 0] 
Mn : 1.0-3.0% 

Z'i^^W-A^^^. UtL<itl.2%&.±t-t^o 3.0%=l:@x.^i§^<^Mn4r-^:ti-*C 

tit. x^idxiFmrni^^^it-^^^hox. mi^mA<o±mt3.o%t-t:ho 

[0 0 4 1 1 
P : 0.005-0.1% 

Pit. m^^<t(O^^T(>s^^ytmx$>^o L>5>L^J7&«'b, P^«3&*0.005%7fep-e« 
oT. P{i0.005%m±-^^i-^ ^(75t L. UtL<l,iO.Ol%&.±^mi-^o —^o. 0.1% 

%t\^fZo 

[0 0 4 2] 

S :0.01%mT 

X%:htz\i^W.-t^'Z^^ifi^^o ^m'^izit. S^^mt. 0.01% 
tX\t^mx%^tz}i>. 0.01%mTi:-r*o 

[0 0 4 3] 
Al : 0.005-0.1% 

S^iai4«r|a]±$-^^f^ffl7{)«*l?, t^-fy^h^m^^n^^^fztbKit. Al-^JtfitiO.OOS 

\,zmMxm^m^-^^(Dx. ki^^m<D±m.^o.i%tir^o 

[0 0 4 4] 
N:0. 01%JJJLT 
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10 0 4 5] 

Nb : 0.01-0.3%. ;6^o (Nb/93) / (C/12) =0.2-0.7 

,^>&>^Nb{±o.oi%Jii±'^^i-'2.'£^g^^'2b^o ^^mx-iii. mn^<o^iimm-v-^ )^ 

, :i<n'!^Wu^mf^^tKi'£:h(OX^ Nb-^«<7)±|S*0.3% fci-*o 

[0 0 4 61 

(Nb/93) / (C/12) =0.2-0.7 {fzfz\^^ ^^(Om, C\,t^^ (DTm^O^^m.) co^ffl 
'SrpJS.-t-'S i ^ fr::. Nbi: C -l-g-^^^^i* i 1 75^'£>^-Cafe'2>o ^isiiX- (Nb/93) / (C/ 
12) «NbfcCOJl^ii;Klfc=S:^LTV>^o (Nb/93) / (C/12) :d50. 25feg|-e{i. H^C 
<D^^^-h^^ < . r it<bt::«^ Hill Ma^H^-^a^O^^^^M-r^ i ir^:;2,o 
(Nb/93) / (C/12) m.T^mk.hh. >^f-f h^^^i^^-T^OirdZ^^^ 

Cl:^ii4'tr#;S$^;5>^<i:^i&tf;i)<7)-c, h^g^-^tf^ 2 ffi-^^t 

•r^ma^^WibtL^v^o Lf^75«oT. Nb'g'Jfi-M«r0.01~0.3%i: ^ PjtCNb-^JtSi: C 
-^^^^ (Nb/93) / (C/12) =0.2-0.7=SriSJ£.-t-^ i d t^Nbi: C=^-^*^-it^^ i: 
t-f^ho ^i5. J;l9Sf^L<li (Nb/93) / (C/12) =O.Z-Q.b-^m^ir^ 

ro 0 4 71 

^%0J-e(±. ±fBL/iMl^j!jn£-C$?>t::TIBiC^-rMo. Ti<^ 1 fcli 2 

[0 0 4 81 
Mo : 0.5%J^T 

m*#;|>^i6tc{i, Mo{i0.05%m±-^^1-;5C:fc7&^«Ft Lv^o L*- Li&i&^ib. 0.5%*® 
[0 0 4 91 

Ti : 0. l%Jiy.T> ^^oiipfK^Ti t S t NO-^^iTi* 
(Ti/48) / 1 (S/32) + (N/14) | ^2 

#;5,/ci6lc{i0.005%m±-^Jfr-r-5>ii:Wt Lv^o L tS- L > M5&Ti^:S-<7)0. 1% 
*0x.;i>i§SilOi^Sp{±, hoik's: ^< {f;5^»)35N Ti CO^^^fr' J; 19 ■v;VT->-9->r h 
fflO?^^tC'jK^^:0j@^C'Sr«i't'}C^-rc: t=Srt5&lf*<^-C. Ti-g-^lrti. 0.1%mTti-^ 

ii:75«0SL<. ;6>oiif!l'5:Ti;5^®^C'l:il'+'lcai-ii:*lE;&lf55:v^J:^lci-^/iJ6. il 

^xritm^mii'^^-t^s^xi^N(D^mMt<Dm^x (Ti/48) / i (s/32) + (n 

/14) } ^2^mAi-^^ti!)mtL\y^o ^Clt:^t^M#^t3<^Ti, S, N}i#^<?5 

[0 0 5 01 

[0 0 5 11 
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[0 0 5 2] 
[0 0 5 31 

^<Dm(Oyf'^Mm^i^mtLXii^ 'POx.tfSK Sn, Zn, Co#*«^tf <b tt, CltLib 
0^^»<^)i^^^^afc L-C{i. Sb : 0.01%J»J>T> Sn : 0.1%mT^ Zn : 0.01%J[JJLT. Co : 0 

[0 0 5 4] 

2JaiJhT-* * c: i: 70^ifi;^ii-e* ^ „ 

[0 0 5 51 
[0 0 5 61 

t /c^fi^-ffioiti v^^^ =-^y ^y :Ly^ yn ^#tf o 

[0 0 5 71 

t Lv^o 

[0 0 5 81 

[0 0 5 91 

(2) ¥*llr1il*n.2m_L-e*^ii: 

[0 0 6 01 

vLi-C% r¥i&r'(iJ t\U JIS Z 2254-C'^i6^tL;g>¥:^M'I4t>-f^it^«i*t. JUIT 

t> # m $ tL * 'fit-e 2b <s o 

¥*|Jr'lil= (ro+2r45+ rgo) /A 

5^*3. ro^ r45i3 iU'^rsoJis ^^i\^mM<D'i±.m:}iH\,Z.nh. ^firfiQ" . 45° 

[0 0 6 11 

l±iiE#2 004-3095488 
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[0 0 6 2] 
[0 0 6 3] 

[0 0 6 4]. 
[0 0 6 51 

[0 0 6 6] 

^9yMzaK{±> *fm!lt^^ffi:»C'fb$-ii:^- tm: «9. Hill W^H^H*^M=Srl&iS$ 
[0 0 6 7] 

[0 0 6 8] 

^v^T% h/N--?:tfc±JE®Lt:^M^i:-r^o Cicott. ttiJESmtflSig (FT) 

Mitmco 1111} s^H^B^'^mi^tT)^^^*? i ji^^^mi^m^M^^^^ tii^h^ -^xm.^ 

[0 0 6 9] 

miE#2 004-3095488 
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^-y. 10/ 



[0 0 7 0] 

=i^J^%MUm (CT) (i. 400-720^0^0^:1-^0 ^<DiMLmmm-^^m'&U^K\ihCt 

550~680*Cti-So 
[0 0 7 11 

[0 0 7 2] 

1) «=KmPitci5V^T. NbC t L-C;W^mS^$tL^Ca:^^^#<^C-^^*<^20%jy.±X' 

Zfe ^ vl. 

KXM-iH^f^^^X^^o 
[C] fix = 100X12X ( [Nb] /93) /[C]totai 

55;i5. ^tf^ [C] fixl±Wm®5fe$tL^Cl:<^#J^ (%) > [C]totai lii3'4'<^^C'^ 
(«»%) . *5J:U^ [Nb] fi^W^tiiNb* t^ab-So 
[0 0 7 3] 

NbOMiEtSH<7)±I5t (Nb/93) / (C/12) =0.7&.\H'Dm3'^:^-RX$>tHimm^J: < . Mi . 
[0 0 7 4] 

JIS G 0552lc!tC/c^if^ir J: <2rf5-^|3[#d„ LT^i^ttff i <. CK^-flBEBSP (El 
ectron Back Scatter Diffraction Pattern)^<^^M^rfflv^T*i6-C J: v^o 
[0 0 7 51 

KJEM^c^ET^tiil'^'S: < t ^>40%mJi fci"^ t^^if ^ U<s J:<9MtL< {i50%jy.Ji 
fci-^o iS rffi<blc(±]«<*^@EETW-^t^*5Sjt?*«9. JET^*«40%*i|-C«. lllll 

t±5^F^JET^'^90% t T-<7)^a-ei^ < -f-;?, if r 90% =^Sx.^ i: -^O^ 

[0 0 7 61 

±ia?^@;Kt::;^Miaf6 : 800lCiy.±950T:mT-e^#g=£r^TV>. c^v^-eMMtaiE*^ 
[0 0 7 71 

ffiiEJi^2 004-3095488 
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[0 0 7 81 
[0 0 7 9] 

. 3\^m^. L< {i300t:t-C'5'C/sm±OTOJ^*Piim-e}tip-t^i L< 
[0 0 8 01 
[0 0 8 X1 

o ^ ^ m fcm. 300r t <^¥*^<%4P?ajS75-^ 5'C/sm±i:;&^j;9 t;<^*p-t ^ ^ 1 
[0 0 8 21 

t/i^ ±iBMMm<7)?^*ptx-=^^iifi9-f v-c^ffv^. -Mza^T-?^iPbf^m> 'smmm 

[0 0 8 31 
[0 0 8 41 

tfz. ±M<D ^ ^ ^zm^x^fi^Mmw. i:<^wmmBLhi^\^^^) h^^^itub-o^mm^it 

ICJE®^v>{±v^9-JlPX(75#(:;'^^li'^ti-t?0.2~15%«7)^Hl*IT-«fe^ i i: Lv^o 0 

.2%*«-e{i. i^^iE. ^i^mm:<Dmm(Dummm.x^^\i^^^f^ii'-^^. -■^^ 15 

[HM^ 1 1 
[0 0 8 51 

ffiiE# 2004-3095488 
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^-y : 12/ 



tML, ^m^^^WMLtzo ^i3^ No. 2^J;r;'^9<7)ii^fi. iS»g!l!MI&i6o % ^-Y 
°. [0 0 8 6] 

nhfifz^i^mmmu^ x WMsi&a^o i^fi^o, dm^^is xxfrm.i>^ 

[0 0 8 7] 
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